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Model investigations were  d e  t o  determine the ditching charac- 
t e r i s t i c s  of t h r e e   t y p i c a l   d t i e n g i n e  airplan08 equipped with possible 
arrangements of *dro-ski ditching gear. . 

T h e .  behavior of the models was determined from visual  observatiopa, 
acceleration  records, -and motfon pictures of the landinge. Data are 
presented in tabulm form and sequence photographs. 

It W&E concluded that a ditching gear of one or more h y d r m k l s  
- would afford very satisfactory water landings as compared with lasdinga 

without skis. The best landing with a hydrmi ditching goar could be 
made in a near-level (s l ight ly  nose-ug) attitude  although normal 
landing at t i tude would be satisfactory. It is possible that c r f t i c a l  
damage could be eliminated from ditching by u s i n g  a hydro-8ki ditching 
gear,. thus greatly increasing  the chances of surviva3 and re8cue. 
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As par t  of a Qdrodymmic reseerch program on methods of water- 
basing high-peed airplanes without undue imgairment of flight perfarmasce, 
the NACA has  investigated  the w e  of retractable  planing Burfacee called 
hgdro-skis (reference 1) . During water take-off s and landings, the 
hydro-skis are  extended on struts so tha t  the main body of the airplane 
is not Bub j e c t   t o  high water loads at. planing speeds. In flight they 
are retracted flush with the surrounding &ace. 

The concept of hydrmki landing gsm.6 ala0 appears of fnterest  
a6 a positive means of eliminating  the hazardoua motions %n& etructural  
damage associated w i t h  the  dltching of landplases. T h b  would be of 
p&icula  interest for t r a m p o r t  aizplanes. In this caae, the gem 
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would be used in  a ,l&Fng only once and a manual arrangemsnt for 
extending I t  would  be sufficient, hence its weight should be small   ab^ 
compared t o  that of a nomnal imtd la t i cm.  

A prelhniniq  investigation was made in  Lmgley  tank no. 2 to 
.determine  the  ditching  characteristics in calm water of three  typical 
multiengine aimplanes  equipped with possible arrangements of bydr-ki 
ditching gears. The purpose of the  investigation was to demonstrate 
generally  the  characteristics that could be expected frm such gear as  
an incentive for more detailed desi* studies of specific  inetaUatiom. 
The  optimum  number, size, and location of the hydro-e f o r  a given 
application w i l l  depend on the  ailplane concerned asd the degree of 
effectiveness  desired. 

Description of Models 

The models  were those used i n  previous  ditching  investigations of 
the Lockheed Constellation  (reference 2), the Lockheed EX-1 (reference 3) ,  
and the Douglas DC-k (reference 4) . The Constellation model was - - scale 

size and the remaining two were -- scale  eize. The models were  con- 

strutted of balsa and spruce and  were balla8ted.internaU.y to obtain 
scale weights and mcmzents of inertia.  Since the hydro-slris were intended 
t o  support  the models clear of the  water at high speeds, st ructura l  
damage m e  not  simulated  except on the  Constellation model  which was 
a lso  tested wlth 8cale"strength bottom eectiom below the  passenger 
f loor .  (See fig. 1. ). 

.. 
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Three-sriew drawings of the models showing the I@rcl-ski arrangements 
arrived at for  each m e  given in figures 2, 3, and 4. The mos t  feasible 
arrangement for the  Constellation w considered t o  be a single ak i  
retracting  into  the bottom of the  fuselage; f o r  the P2V-1, t w i n  skis 
retracting  into  the  aides of the  fuselag6; and for  the DC-4, twin skis 
retracting  into  the under side of the wing. The location of the skis 
in  the  retracted  positions, which determine their shage, is  shown In 
figure 5. 

The size,  plan form, and extended locations shown in figures 2, 3, 
and 4 were determined from the  present  tests and previous  experience 
with hydrbskis as being  suitable f o r  the purpose of the  investigation. 
Alternate c o n f i ~ a t i o m   t o  satisfg de ta i l  design  requiremnts  better 
would probably  be  equally  suitable. 
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Test Methods a& Equipment 

The models were launched by catapulting them from the Langley 
tank no. 2 monorail so that  they would glide  freely onto calm water. 
The models were attached t o   t h e  launching  carriage at t h e  desired lading 
attitude asd @e control  ,surfaces were s e t  so tha t  the models would 

the  investigation were obtained by visual  obsematione, from acceleration 
recorda, and motion pictures. 

' glide onto the water at approximately this att i tude.  The results of 

Test Cmditiana 

A l l  values  given refer to the full-scale airplanes. 

Gross weight.-The model weights correeponded t o  the  following 
values : 

Location of the center of ,gavity.- The horizontal  
locatione of  the center of gravity were: 

and vertical 

Constellation - 25 percent mean aerodynamic  chord and 
23 inches above the thrust line of the inboazd engines 

P2V-1- 29.3 percent mean aerodynamic  chord and 3.6 inches 
below the thrust line 

DC-4 - .28 percent mean asro-dc  chord and 9 inches 
above the t h rus t   l i ne  of the inboard  engines 

Landing attitude.-  Various landing at t i tudes were investigated a8 
Usted in table I. Attitude is defined as the asgle between t h e  mooth- 
water surface and t h e  fueelags reference line. 

Landing speeds.- The speeds used in  the t e s t s  were computed from 
lift curves f o r  the  various airplanes and m e  l i s t e d  i n  table I. The 
models  were airborne ia all landings and the speeds were held within 
5 0  miles per hour of t h e  comguted speeds. 

F l a p   s e t t i q y  .- Each model was tes€ed with f lap f u l l  down. 
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General 

A summary of the results of the  investigation is preaented in 
table  I. The symbols used in the table  m e  defined aa follows: 

h .  ran am0othl.y - the model traveled through the water wlth no 
apparent  oscillarticm a b w t  any axis, se t t l i ng  in the water 
aa the  forwaxd velocitg decreased 

P porpoised - t h e  model traveled through the  water with an 
undulating motion  about the lateral a x i s  with same park 
of the model d w q s  i n  contact with the water 

Sequence photographs of the models landing with  the  hydro-akis 
installed a m  shown in figure 6 .  

In  the near-level landings  the k n s  were about a quay-ter-mile long 
(f'ull scale) and very amooth. In the high-attitude landings, the lengths 
of runs were shorter and i n  the t e s t s  of the Constellation, S l i g h t  
porpois iq  was obtained. normal landing  attitude was s a t i s f a c t m .  
The motions were gentle and longitudinal  accelerations were small as 
compared to   the   d i tch ing  behavior  without  skis. (See references 2, 3, 
and 4.) 

when hnded at the 40 att i tude6 the Constellation model usually 
ran at an attitude  oFabout 4' or 5 with the mode l  trimming up and the  
aft fuselage entering the water near the end of the run. When landed 
a t  9O, the model trFmmed up sl ight ly  at the begFnnfng of the run and 
u s ~ & l b   r a n  at about 10' w i t h  s m  porpoising. w ends of the runs 
at ei ther   a t t i tude were characterized by a slight- nose-down pitching 
motion  probably  caused by a lose  of suction on the  aft %elage when 
speed was l o s t .  This pitching motion is not  conaidered of fmportmce. 

The P!2V-1 model when landed at the 2' at t i tude generally trlmmed 
at about lo or  2O during the  landing m. The runs were very m o t h .  
The nosedown  pitching motion, aa mentioned for the  Cmstellatian, was 
present a t t h e  end of the run. In  th i s  case it appeared that the 
pitching motion vas caused by the d r a g  on the skis when they sank in to  
the water. In a 60 landing the model trFmmed down soon mer contad 
and ran at an at t i tude of about '-10 or 2O making a run very mch like 
that of the 20 landing. In a 100 landing the  a9t - f w e l w  and tall hit 
the water  about the same time that the ski did, and the model d e  the  
ent i re  run at a high att i tude  with  the tail in the  Water. 

t .  
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The lX-4 model made very good runs at 
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either landing atti tude.  It 
trimmed up slfghtly on lanaing and then trfmmed down making the ~UIL a t  
approximately the landing att i tude.  The nose4own pitching motion a t  
the end of the runs w a s  present i n  the DC-4 landings. 

Longitudinal and vertical  accelerations were measured in landings 
of  the  Constellation at 4' att i tude aad the P2V-1 a t  loo and 2' att i tudes.  
The increment of vertical  accelerations due to landfng f o r  both models 

and 1okituaFnal  accelerations  for the Constellation were less  than -p. 
The maximum longitudinal  acceleration fo r  the P2V-1 was about l g  I 
measured i n  a landing at  2'. (See table I. ) By comparing these 
values with those  l isted i n  table I of references 2 and 3, it can be 
seen that the  acceleration  forces were reduced  considerably when the 
skis were installed.  In the   t es t  of the  Constellation without a ski, 

the acceleratiolls were about kg as compared w i t h  w i t h  the ski. The 

I 
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accelerations of the P2V-1 were about 4 t o  8 times greater, depending 
on condition of damage, without  the ski than w i t h  the ski. 

The speed at which the skis se t t led   in to  the water deep enough for 
the fuselage t o  be in solid water wafl determined t o  be  about one-fourt;h 

Constellation m o d e l  W&B not d m e d  during the teste.  The & i s ,  therefore, 
offer  the  possibil i ty of el3minating damage during ditching with t h e  
resul t  that passengers would not be injured by m r w h e a  of water and the 
airplanb could be made t o  f l o a t  indefinitely. This feature together 
with the l o w  accelerations  obtained would greatly increase the  proba- 

* the landing speed.  Consequently, the  scale-strength bottam of the 

biLL%ies Of S U F V i V d  ad- TeECUB. 

ski Size, Shape, and Location 

The r a t i o  of gross weight of the   a i rp lane   to   to ta l  area of the ski 
for the  Canstellation model w a s  increased pro eseively during the  
investigation t o  1000 pounds per square foot  scale).  he are- 
of the EX-1 and Dc-b skis were selected so that the r a t i o s  were 
1000 pounds per  square foot  and 850 pounds per e q m e  foot,  respectively. 
These ra t ios  agpeaxed satisfactory. It is possible that the loadfnga 

.could be increased further without s i@ficmt  deter iorat ion in behfwior. 

The amount of lateral   curvature of the skis cawed no. noticeable 
diff icul t ies ;  consequently, the skis could be retracted fluah w i t h  the 
outside of the  airplane. In  other investigations it has been  found that 
if the curvature was too  great the arrangement would be  unsta;ble. 
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eliminate  porpoising l)y Causing lese  pitching moment on landing. Such 
a need is not &l.-8 mceasmy, a8 was i l lus t ra ted  by the DC-k w h i c h  made 
very aoof21 with  rectangular &is.  

Vertical  location of the   ski  was found to depend on the  &i shape, 
number of &is, fuselage shape, and landing  flap  position. In general, 
the amount of spray and the  surfacesbit by spray from the  skis  were 
important These characterist ics were different for each  airplane. The 
locations  given herein proved beet   for   the  pmticular   Imtal la t ion.  The 
sk is  should be far enou@;h below the airplane so that at the  desired 
landing  attitude they would contact  the water before any other p& of 
the  airplane. If the ski8 are too close t o  the fuselage, the fmelage 
w i l l  come in  contact  with  the  water  too soon which  would par t ia l ly  
nul l iQ the  effects of the Bki. When this waa the case, the models 
porpoised and the  r u n e .  were much ahorter. 

Various longitudinal  locations of the skis  were investigated and 
it was found tha t  the best  location waa such that  the  center of gravity 
of the airplase wae *om 50 t o  60 percerrt  of the  distance from the aft 
ehd to   the   cen ter  of mea of the ski. If the  EH is too far forward, 
porpoieing will occur; i f  too far ai%, there will be a telidency t o  dive. 
The sk i  setting6 shown in figures 2, 3, and 4 were best for t& p&icular 
arrangements shown. Another longitudinal  or  vertical  location b? ski - 
shape  might require a different  angular  setting. 

- I  

CONCLUSIONS 

Conclusions  based on the model ditching  investigations of three 
- airplanes equipped with hydro-skis are as follows: 

1. A ditching  gear  consisting of  one of more hydro-skis w i l l  afford 
very  satisfactory  water landings a8 compared with  landings  without  skis. 

2. The best landing  with a hydr0"eki ditching  gear can be made i n  
a n e e l e v e l   ( s l i g h t l y  nose-up) a t t l tude  although any normal landing 
a t t i tude  is eatisfactory. 

3. It i B  possible   that   cr i t ical  damage can  be e lh ina t ed  from 
ditthings by using a bydrwski  ditching  gear,  thus  greatly  increasing 
the chances of  survival and rescue. 

Langley Aeronautical  Laboratory 
National Advisory Committee f o r  Aeronautics 

Langley Air Force Base, Va. 

. 



7 

1. Dawson, John R., asla Wadlin, Eknneth L.: R?e lFmim Tank Tests of 
W A  ~ d r o - S k i s  f o r  High-Bpeed Airplanes. MACA Rp4 L7I04, 1947. 

2. Fisher, Lloyd, J., and Morris, -land J.: Ditching Testa of a 
Scale Model of t h e  Lockheed Constellation Airplane. RAW . 

I 

” 

18 
RM 123~18, 1948. 

3. Fisher, Lloyd J., asd TCarshiB, Robert P. : Ditching Tests with a - 
&-Size Model of the Navy XP2V-1 -lane at the Langley Tcank 

No: 2 Monorail. RACA RM L5oc23, 1947. 
16 

4. Fisher, Lloyd J., and Hoffman, Edward L.: Model DitchFng ImeBti- 
gation of the Dcruglas IE-4 and DC-6  Airplanes. N.AC.A RM LgKWa, 

- 1949. 

I 



a c mCA RM LgK23 

I DC-b with t w i n  skis . 
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Figure 2.- Hydro-skl inetallation teated on Constellation model. (Dimenaione are fuli s ize . )  
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Detail of hydro-ski. 

Pigine 3.-  H y d r ~ - a l @  installation t es ted  on P2V-1 mael. (Dimensions are f u l l  size.) 
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Sta. 117 477 729 

- W.L " 
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Sta. 38 
- " .. . 

(b) P2V-1. 

n 

sta. -3 

. -  

(c) Dc-4. 

Figure 5 .  - Location of the area which defined the longitudinal and 
later 'al  curvature of the vsrioua skis.  (Stations are inches, 
full size.) 
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Near contact 662 feet 

ll32 f ee t  185 fee t  w5v 
(a)  Constenation; landing a t t i t d e  4'. L-63049 

: Figure 6.- Sequence photographs o f  model laadinge on hydro-skia. Distance after contact  indicated 
in feet,  full  scale. 
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Near  contact 552 feet 

1310 feet 1400 feet 
- 3 3 7  

(b) PPI-1; landing akt ihde 2'. 

Figure 6.- Continued. 
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N e a r  contact 

640 feet 

1136 feet 

(c) DC-4; landing attitude 2'. v 
L-630 51 

Figure 6.- Concluded. 
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